The species Chilo iridescent virus (CIV), officially insect iridescent 6, is the type species of the genus Iridovirus within the family Iridoviridae (King et al., 2012) . Currently, the genomes of 15 members of this virus family have been sequenced (Eaton et al., 2010) , including two members of the genus Iridovirus, CIV (Jakob et al., 2001 ) and Wiseana iridescent virus or insect iridescent 9 (IIV9) (Wong et al., 2011) , which belong to different cladistic groups (Wang et al., 2003) . The CIV genome consists of 212 482 bp of linear dsDNA (Jakob & Darai, 2002; Jakob et al., 2001) , with 215 non-overlapping and putative protein-encoding ORFs selected from the previous computationally predicted 468 ORFs (Eaton et al., 2007; Tsai et al., 2007; Magrane & Uniprot Consortium, 2011) . Information about the replication mechanism of iridoviruses is mainly derived from studies on the species Frog virus 3 (FV3), the type species of the genus Ranavirus (Granoff, 1984) . Replication starts in the nucleus, while assembly and maturation of virions occurs in the cytoplasm (Goorha, 1982) , hence the term nucleocytoplasmic DNA viruses.
The occurrence of CIV polypeptides during the course of infection in insect cells has been studied by different research groups (Barray & Devauchelle, 1987; Kelly & Tinsley, 1972) . These studies provide support for the delineation of three temporal classes of gene expression: immediate-early (IE, also known as a; 0-2 h post-infection, p.i.), delayed-early (DE, also b; 2-4 h p.i.) and late (L, also c; from 6 h p.i.). Most of the detected polypeptides could not be analysed, as the genome sequence was not known at that time. IE gene expression does not, by definition, require de novo protein synthesis, contrasting with DE gene expression, and occurs in the presence of protein synthesis inhibitors. L gene expression occurs after the onset of DNA replication and can be blocked by DNA synthesis inhibitors. FV3 IE genes are transcribed by host RNA polymerase II (Goorha, 1981) and it is likely that this is also the case for invertebrate iridoviruses. In addition, the transcription of IE genes requires the presence of at least one virion-associated protein, since purified DNA is not infectious by itself, as was shown for both CIV and FV3 (Nalçacioglu et al., 2003; Willis & Granoff, 1985) . Infectivity can be restored by adding virion proteins in the form of UV-inactivated virus particles (Cerutti et al., 1989) .
Gene transcription has been studied in some detail for the ranaviruses FV3 (Majji et al., 2009 ) and for Singapore grouper iridovirus (Chen et al., 2006; Teng et al., 2008) , as well as for Red sea bream iridovirus (genus Megalocytivirus) (Lua et al., 2005 (Lua et al., , 2007 (Lua et al., , 2008 . Initial transcriptional studies have also been conducted for CIV (D'Costa et al., 2001 (D'Costa et al., , 2004 ) and IIV9 (McMillan & Kalmakoff, 1994 ). An earlier study of CIV transcripts in Choristoneura fumiferana (IPRI-CF-124T) cells described 137 transcripts dispersed over the CIV genome, encompassing 38 IE, 34 DE and 65 L transcripts (D'Costa et al., 2001) , but it was not clear from which ORFs these transcripts originated. A detailed transcription profile has been determined for a few CIV genes: iap, encoding an apoptosis inhibitor (193R, IE) ; the 012L gene (IE) with a 59-39 exonuclease domain (XRN); DNApol (037L, DE), encoding DNA polymerase; and mcp (274L, L), encoding the major capsid protein (Dizman, et al., 2012; I˙nce et al., 2008; Nalçacioglu et al., 2003 Nalçacioglu et al., , 2007 .
Recently, we have analysed 54 CIV genes encoding virion proteins by using a proteomic approach (I˙nce et al., 2010) . In the present study we aimed to delineate the temporal expression classes of these virion protein genes and we hypothesized that most of these would be late-expressed genes. CIV transcripts lack a polyA tail, as was concluded from the fact that cDNA copies could not be made with an oligo-dT primer (Nalçacioglu et al., 2003) . Accordingly, canonical polyadenylation signals (AATAAA) are not found downstream of most CIV ORFs. The absence of polyA tails appears to be a common property of iridovirus transcripts (Willis et al., 1984; Willis & Granoff, 1976) . Therefore, we used an alternative to the polyA-based 39 rapid amplification of cDNA ends method (Frohman et al., 1988) to detect transcripts, which we called ligation-based amplification of cDNA ends (LACE; Fig. 1 ). The method is comparable to those described by Liu & Gorovsky (1993) and Scotto-Lavino et al. (2007) . Here we show that the method allows the specific amplification of non-polyadenylated transcripts, despite the presence of abundant host mRNAs and rRNAs. In short, the 39 ends of the transcripts are ligated to a common 59-phosphorylated DNA oligonucleotide. RT-PCR was then carried out with a primer complementary to this linker and gene-specific forward primers. In this way, we avoided false positives arising from residual viral DNA.
The CIV isolate originates from Dr J. Kalmakoff (University of Otago, Dunedin, New Zealand) and was kindly supplied by Dr C. J. Funk (USDA-ARS Western Cotton Research Laboratory, USA). The virus was propagated in the larvae of the wax moth Galleria mellonella and was quantified after purification using UV spectroscopy, as described by Constantino et al. (2001) . Drosophila S2 cells (Invitrogen) were used as they support CIV replication (Constantino et al., 2001) . The fact that the genome sequence of Drosophila melanogaster is known (Adams et al., 2000) will allow us to compare transcriptome and proteome data in the future. S2 cells were grown to 80-90 % confluency in Express Five serum-free medium (Invitrogen) at 27 u C in T25 flasks and were infected with 5 mg CIV (approx. 10 7 virus particles) ml 21 culture or were mock-infected. To obtain samples from cells in which de novo polypeptide synthesis was inhibited, 200 mg cycloheximide ml 21 (CHX; Sigma) was applied from 1 h before infection till the time point of harvesting. Similarly, to inhibit viral DNA replication, cells were infected in the presence of 100 mg cytosine-1-b-D-arabinofuranoside ml 21 (AraC; Sigma). Infected cultures were harvested at 1, 3 and 6 h p.i. to detect transcripts in all time classes and the samples were used for total RNA isolation. The cells were pelleted at 600 g for 2 min and were washed twice with 0.1 M Tris/HCl, pH 7.6, containing 0.1 M DTT. Total RNA samples were prepared using Trizol reagent (Invitrogen), according to the manufacturer's instructions.
The presence of transcripts for each of the 54 virion proteins (I˙nce et al., 2010) was tested for in the various RNA samples (mock-infected, infected, CHX or AraC treated, harvested at time points 1, 3 and 6 h p.i.) by the above-mentioned LACE technique (Fig. 1a) . In more detail, a 59-phosphorylated DNA oligonucleotide P1 (59-PO 4 -GACCACGCGTATC-GATGTCGAC(T) 15 VN-39) was ligated to the 39 end of RNAs to generate transcripts with a uniform 39 sequence. To carry this out, samples containing 10 mg total RNA were incubated with 2 ml 100 mM solution of oligonucelotide P1 in the presence of 5 ml 0.1 mg BSA ml 21 , 5 ml ligase buffer (50 mM Tris/HCl, pH 7.5 at 25 u C, 10 mM MgCl 2 , 10 mM DTT), 5 ml 1 mM ATP and 6 ml 10 U T4 RNA ligase ml 21 (Fermentas) in a total volume of 40 ml for 16 h at 4-8 u C. The ligated RNA was precipitated with two volumes of 
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2-propanol and 0.1 volume of 3 M sodium acetate, pH 5.2. After 15 min incubation at 220 u C, the RNA was collected by centrifugation at 16 000 g for 5 min. The pellet was washed with 75 % ethanol, air-dried and dissolved in nuclease-free water. First-strand cDNA synthesis was conducted with 1 mg oligonucleotide-ligated RNA, 10 ml 5 mM primer P2 (59-ATCGATACGCGTGGTC-39), which anneals to the ligated P1 oligonucleotide, 20 ml 2 mM dNTPs, 20 ml first-strand buffer (Invitrogen), 5 ml 5 mM DTT, 1 ml 2 U RNasin ml 21 (Promega) and 4 ml 10 U Superscript III reverse transcriptase ml 21 (Invitrogen) in a total volume of 100 ml. The RNA, primer and dNTP mixture was first incubated at 65 u C for 5 min and chilled on ice. Then the reaction mixture was completed and incubated for 60 min at 55 u C. The reaction was stopped by heating for 15 min at 72 u C. Aliquots of first-strand cDNA were used for standard PCR amplification with gene-specific forward primers and the reverse primer P2 described above. After 2 min at 95 u C, 30 amplification cycles were performed (95 u C for 20 s, 55 u C for 20 s, 72 u C for 30 s), followed by a final elongation step at 72 u C for 10 min. For every virion gene the primers were chosen in such a way that the expected amplicon would be approximately 500 bp. For smaller-sized genes the complete coding sequence was included. PCR products were analysed in 1.5 % agarose stained with ethidium bromide. The assay conditions were first verified with control LACE assays to detect known IE (iap, 193R) (I˙nce et al., 2008) , DE (DNApol, 037L) and L (mcp, 274L) (Nalçacioglu et al., 2003 (Nalçacioglu et al., , 2007 gene transcripts (Fig. 1b) . Control reactions, in which the RT-step was omitted, were also performed. The sequence of the amplified fragments was confirmed (Macrogen). When the virus inoculum was used for LACE, these three transcripts were not detected (data not shown).
Using this method we were able to detect 41 CIV virion protein gene transcripts (Table 1 ). In total, 23 IE, 11 DE and seven L virion transcripts were identified and assigned to virion protein ORFs. From a general perspective, it would be logical to assume that virion protein genes belong predominantly to the late temporal class, as they need to be assembled into the virion particle. In contrast, our data show that CIV virion genes are found in all three temporal expression classes and that the majority is expressed as IE genes, meaning that they do not require protein or DNA synthesis to be expressed. The presence of proteins encoded by IE genes in the virion may indicate that they have a role in the very early stages of infection, for instance to act as a transactivator of IE genes. It is conceivable that upon entry the infection is enhanced, as more of these IE proteins are being made. Since many CIV virion proteins have conserved domains characteristic of proteins with wellestablished roles in DNA replication and transcription (022L, IE; 142R, IE; 232R, IE; 307L, not detected; 401R, L; shown in Table 1 ), several virion proteins encoded by IE genes may well be involved in the regulation of late events in CIV infection, directly or through modulation of viral DNA replication. The presence of early proteins in the virion may be a footprint of the path that the virion followed during synthesis, assembly and maturation.
Although many transcripts were classified as IE using metabolic inhibitors, these mRNAs may also be synthesized at later time points of infection, as is, for instance, the case for the Autographa californica nucleopolyhedrovirus ie-1 gene (Chisholm & Henner, 1988) , and this may represent a mechanism for the encoded proteins to be incorporated in the CIV virions. A similar phenomenon was observed for early transcripts in FV3 infections (Chinchari & Yu, 1992) and the complete disappearance of early transcripts is probably not a prerequisite for late CIV transcription either, in contrast with, for example, poxvirus infections (Cooper & Moss, 1979) . For two ORFs, 219L, a putative component of a pentameric complex (Yan et al., 2009) , and 295L, a gene conserved in iridoviruses with a predicted bipartite nuclear localization signal, we detected expression in the presence of a protein synthesis inhibitor, but not in the presence of a DNA synthesis inhibitor. This is difficult to explain, but it may be that these genes use proteins remaining from the parental virion for their early expression.
Thirteen of the 54 virion protein gene transcripts could not be detected using LACE, irrespective of whether metabolic inhibitors were present or not. These 13 transcripts (Table 1 , legend) were also not detected when non-drug treated cells were analysed at later time points up to 96 h p.i. It could be a sensitivity issue, which may be solved by using randomized DNA linker sequences (Zhuang et al., 2012) . These transcripts, though, correspond to minor proteins in the virion, as evidenced by CIV virions produced in G. mellonella larvae (I˙nce et al., 2010) . Alternatively, the respective genes are not expressed in S2 cells.
Finally, the temporal classification of CIV virion protein genes was compared with the available transcriptome data from other iridoviruses (Table 2 ). This comparison showed that, although many of the genes are conserved, the temporal class sometimes varies, suggesting that the genes are driven by different types of promoters. Differences were found, for instance, for a putative helicase CIV ORF (022L), RNaseIII (142R), two protein kinases (380R and 439L), a putative viral envelope protein (118L) and the major capsid protein (274L). This may indicate that the fine tuning of viral gene expression, DNA replication and virion assembly may vary between iridovirus species. One explanation for this could be that the analysed iridoviruses have evolutionary distant natural hosts living under variable environmental conditions, varying from fish to amphibians to insects, which may very well have led to adaptations in the temporal regulation of viral gene expression.
This study shows that the temporal regulation of the CIV virion gene expression pattern is more variable than previously anticipated and suggests a complex virion assembly process. The challenge will be to delineate specific functions to each of these virion proteins. The information obtained on the temporal classes of individual genes will provide the basis for determining, for example, whether 
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Journal of General Virology 94 members of the same temporal class contain common upstream regulatory motifs and it may assist in the identification of virion-associated proteins and virusinduced proteins that control viral gene expression. The LACE approach of analysing non-polyadenylated iridovirus transcripts may be used to identify many more virusspecific transcripts in infected cells to complete the CIV transcriptome. In addition, this method may have a wider application in the study of non-polyadenylated transcripts of viruses and of cellular organisms. 
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